BACKGROUND: Limited health literacy is associated with poor outcomes in many chronic diseases, but little is known about health literacy in chronic obstructive pulmonary disease (COPD). OBJECTIVE: To examine the associations between health literacy and both outcomes and health status in COPD.
INTRODUCTION
Educational attainment is an important predictor of poor outcomes in COPD. 1 Higher levels of formal education may have indirect impacts on health by virtue of improved job opportunities and associated improved housing, access to health insurance, and income. 2, 3 Education may also directly impact health by facilitating improved health knowledge and ability to navigate the healthcare system. 2, 4 This latter, more direct, factor associated with education may be described as "health literacy," which has been defined as one's ability "to obtain, process, and understand basic health-related information needed to make appropriate healthcare decisions." 5 Limited health literacy is common, present in almost half of US adults, 6 and is associated with underuse of preventative services, worse self-management skills, and poor outcomes among patients with chronic diseases such as diabetes and congestive heart failure. [7] [8] [9] [10] Thus, health literacy may be more important to health outcomes than educational attainment more broadly defined. The role of health literacy in COPD, however, has received relatively little attention, and in particular, the impact of health literacy on health status and outcomes in COPD has not been well elucidated. 11, 12 We explored the associations between poor health literacy and COPD-related health status and outcomes, measuring health literacy with a validated three-item questionnaire that can be incorporated readily into routine clinical practice. Because education and income are known to be associated with poor outcomes in COPD, 1 we controlled for these key factors in our analyses. Understanding the role of health literacy in COPD outcomes is critical not only to informing communication strategies in clinical settings, but also to developing COPD self-management support approaches that are appropriate for populations with health literacy limitations.
METHODS

Study Population and Recruitment
This study was conducted on a cohort of COPD subjects from an ongoing population-based study of US adults over the age of 55. 13 Survey methods have previously been described in detail, and further detail is available in an online supplement. [13] [14] [15] [16] [17] Briefly, subjects were identified from throughout the US by random-digit telephone dialing beginning in 2001, with regional oversampling in Northern California and in geographic "hot spots" with increased COPD mortality. 18 The overall study participation rate was 53 % among households meeting initial eligibility screening. Only telephone landlines were sampled; subjects with only cellular mobile phones were not included. Interviews were conducted in English. Subjects were included in longitudinal follow-up if they reported being diagnosed by a physician with an airway disease. This study of health literacy took place in the annual follow-up interview performed in 2009 among the 277 subjects reporting a physician's diagnosis of emphysema, COPD, or chronic bronchitis, and subjects were classified as having COPD if they reported any of these three physician's diagnoses. Classification of COPD status as such has been shown to be reasonably accurate as compared with both medical record review and pulmonary function testing. [19] [20] [21] All study procedures were approved by the University of California San Francisco Committee on Human Research, and all participants provided written informed consent.
Measurements
Health Literacy Assessment. Health literacy was assessed with the validated three-item questionnaire developed by Chew and colleagues: (1) "How often do you have someone like a family member, friend, hospital or clinic worker, or caregiver, help you read hospital materials?" (2) "How often do you have problems learning about your medical condition because of difficulty understanding written information?" (3) "How confident are you filling out medical forms by yourself?" 22 Items have a five-option Likert response scale, and scores were summed to yield a total score of 3-15; higher scores indicate better health literacy. These three items correlate strongly with direct tests of literacy, such as the Rapid Estimate of Adult Literacy in Medicine, with areas under the receiver operator curve close to 0.8 in multiple studies in various populations. [22] [23] [24] [25] [26] This three-item battery has also recently been shown to be predictive of mortality in congestive heart failure. 10 Because of the distribution of health literacy scores in our cohort, we divided health literacy scores into tertiles for analysis (approximately 1/3 of subjects had a maximum health literacy score and thus formed a natural cut point for the top tertile). Health literacy has been divided into three levels of capacity in prior literature, 6 providing further a priori rationale for dividing the score into tertiles rather than quartiles or some other division. We also conducted sensitivity analyses in which we re-analyzed health literacy scores as a continuous variable; all relationships between health outcomes/status and health literacy that were statistically significant when health literacy was analyzed categorically in tertiles were also statistically significant (p<0.05) when health literacy was analyzed as a continuous variable (results of sensitivity analyses are not presented).
COPD-Related Health Status Measures. COPD-associated helplessness was assessing using the validated 13-item COPD Helplessness Index (CHI), which measures learned helplessness associated with seemingly unpredictable and uncontrollable COPD-related adverse events. 27, 28 We have previously shown the CHI to be predictive of COPD-related utilization, independent of its association with COPD severity. 27 Scores can range from 0-52; higher scores indicate greater helplessness.
Respiratory-specific health-related quality of life (HRQoL) was assessed using the validated revised Airways Questionnaire-20R (AQ-20R). 15, 29, 30 The 20-item AQ-20R is comparable in performance to the St. George Respiratory Questionnaire for measuring HRQoL in COPD patients. 15, 29, 30 Scores range from 0-20; higher scores reflect poorer respiratory-specific HRQoL.
We assessed COPD severity using the previously validated COPD Severity Score, which is based on survey responses addressing five domains of severity: dyspnea, COPD-related requirement for systemic corticosteroids and antibiotics, regular COPD medication usage, prior COPDrelated hospitalizations and intubations, and home oxygen use. 14 We and others have previously shown that the COPD Severity Score demonstrates both concurrent and predictive validity, including a prospective association with COPD exacerbations and hospitalizations.
14,31-33 Scores range from 0-35, with higher scores representing more severe COPD.
COPD Exacerbations and Healthcare Utilization.
Although there is no consensus definition of COPD exacerbations, emergency COPD-related healthcare utilization is often used to define a more severe COPD exacerbation. [34] [35] [36] Subjects were therefore asked whether they had been admitted to the hospital for an overnight stay or been evaluated in the emergency room or emergency department (ED) in the preceding 12 months. Hospitalizations and ED visits were categorized as COPDrelated if subjects further identified the primary cause of such utilization to be worsening of a "lung or breathing problem."
Separately, to assess worsening symptoms, we asked subjects if they had experienced a worsening of breathing symptoms that lasted a week or more at any point in the previous 12 months. Subjects responding affirmatively to this question were then asked if they had sought medical advice for such worsening symptoms from an "advice nurse" or physician, either by telephone or in-person. The purpose of the latter outcome measure was to determine whether subjects who experienced such worsening symptoms were more or less likely to seek medical advice for these symptoms depending on their level of health literacy.
Sociodemographic Characteristics. Age, gender, marital status (married or cohabitating vs single), self-identified race-ethnicity, educational attainment, and annual household income were assessed in structured telephone interview. Educational attainment was categorized as less than high school, high school graduate, some college but no degree, or college graduate or higher. Annual household income was categorized as <$20,000, ≥$20,000 to < $40,000, ≥$40,000 to <$60,000, ≥$60,000 to $80,000, and ≥$80,000.
Statistical Analysis
Internal consistency of the health literacy scale was evaluated using Cronbach's α. Because education and income are likely associated with health literacy, we examined the association between these factors and health literacy scores using both graphical analysis and the Kruskal-Wallis test.
We utilized multivariable linear regression to analyze the associations between health literacy as a predictor (independent) variable and, in three separate models, the outcome (dependent) variables of: [1] COPD Severity Score, [2] COPD Helplessness Index, and [3] AQ-20R (respiratory-specific HRQoL). We controlled for age, gender, race, marital status, and both education and annual household income in our multivariable analyses. As detailed below, the vast majority of our sample was non-Latino white, and thus race-ethnicity was categorized as nonLatino white vs non-white.
Similarly, multivariable logistic regression estimated the associations between health literacy and the outcomes of (1) COPD-related hospitalizations, (2) COPD-related ED visits, and (3) a ≥1 week worsening of respiratory symptoms above and beyond baseline. These analyses also controlled for the same sociodemographic covariates, including education and income. Separately, among the subset of subjects reporting a ≥1 week worsening of respiratory symptoms (n=140), we used multivariable logistic regression, controlling for the same covariates, to test whether health literacy was associated with the likelihood of the subject having sought phone or in-person advice/treatment for such worsening symptoms. We also used the Kruskal-Wallis test to examine the bivariate associations between health literacy score and requirement for either COPD-related ED visit or hospitalization.
Additionally, we performed sensitivity analyses in which we included smoking status (current smoker vs non-current smoker) as a covariate in the above analyses. Smoking could potentially be a confounder in the relationship between health literacy and poor outcomes to the extent that it might independently worsen health literacy and contribute to poor outcomes. Alternatively, it could be a mediator to the extent that low health literacy might make tobacco cessation more difficult. Regardless, including smoking status as a covariate did not substantively impact any of the core findings (data not shown), and results are presented without controlling for this factor.
All analyses used Stata/SE version 9.2 (StataCorp; College Station, TX). For all multivariable logistic regression models, the Hosmer-Lemeshow test demonstrated adequate goodness-of-fit (p>0.15 for all models). 37 We used the linear contrast method to test for trend in the relationship between health literacy tertile and each outcome examined in multivariable analyses (e.g., to test there was a trend for decreasing health literacy, across tertiles, and poorer outcomes). 38 
RESULTS
Subject Characteristics
Sociodemographic characteristics are presented in Table 1 . Among 277 study participants, 65 % were women and 94 % were non-Latino white. There was a broad range of both educational attainment and reported annual household incomes.
Health Literacy Assessment
The mean health literacy score was 12.5 (median 14; 25th-75th interquartile range 11-15). Cronbach's α for the three scale items was 0.75, indicating good internal consistency. As anticipated, better health literacy scores were correlated with greater educational attainment and higher income (p< 0.001 by Kruskal-Wallis test for both; Fig. 1 ).
Association Between Health Literacy and COPD-Related Health Status
As shown in Table 2 , in multivariable analysis controlling for sociodemographic factors including income and education, poorer health literacy was associated with greater COPD severity, greater learned helplessness, and worse respiratory-specific HRQoL. Comparing the lowest tertile of health literacy to the highest, 95 % confidence intervals (CI) excluded no association for each of these three outcomes. Tests for trend indicated a trend of poorer COPD-related health status with decreasing health literacy across tertiles for each of the three outcomes (p<0.05 for all).
Association Between Health Literacy and COPD-Related Health Outcomes
Poorer health literacy was associated with greater odds of both COPD-related ED visits and hospitalizations in bivariate analyses (Fig. 2) . As shown in Table 3 , after controlling for sociodemographic factors, poorer health literacy was not statistically associated with having experienced a worsening of respiratory symptoms lasting at least 1 week. However, among those who did experience such a worsening in respiratory symptoms (N=140; 50.1 % of sample), poorer health literacy, comparing the lowest tertile to the highest tertile of health literacy, was associated with a greater likelihood of seeking medical advice and/or treatment for such worsening symptoms. Comparing the lowest tertile to the highest tertile, poorer health literacy was also associated with greater likelihood of a COPD-related ED visit and COPD-related hospitalization. Tests for trend indicated a trend of increasing odds of COPD-related hospitalizations, ED visits, and likelihood of seeking medical advice/treatment for worsening symptoms with decreasing health literacy across tertiles (p<0.05).
DISCUSSION
In this population-based cohort, poorer health literacy was associated with worse COPD-related health status and adverse COPD-related outcomes. Importantly, poorer health literacy was associated with such outcomes even after controlling for poor health literacy's well-known relationship with sociodemographic factors, including education and income. These findings suggest both a potential target for intervention in COPD as well as a potential screening tool that might be used to identify patients at risk for poor outcomes. This is the first systematic analysis, to our knowledge, to demonstrate an association between poor health literacy and poor outcomes in COPD. 12 Prior research has suggested that limited health literacy contributes to adverse outcomes in other chronic diseases. 9, 10 Such studies, however, have not yielded uniform results, with a recent study by Peterson and colleagues showing no independent association between health literacy, measured with the same 3-item instrument, and hospitalizations in heart failure. 10 Moreover, because chronic diseases vary in both the complexity of the required self-management as well as the efficacy of associated treatments, demonstrating a relationship between poorer health literacy and worse outcomes specifically in COPD is an important step for disease-specific interventions. 39 This was a cross-sectional analysis of health status, with COPD-related outcomes reported retrospectively for the year preceding the interview. This precludes a definitive assessment of causality between poor health literacy and worse outcomes. Nonetheless, unlike factors such as depression that might worsen as a result of a hospitalization, 40 health literacy is less likely to be affected by events such as hospitalizations or ED visits. 11 For example, having been hospitalized for COPD would be relatively unlikely to negatively affect "learning about [one's] medical condition because of difficulty understanding written information," as assessed in one of the three health literacy items. Although it is possible that severe COPD exacerbations requiring intubation might impair cognitive function, any such declines may largely resolve with the exacerbation. 41 Certainly, there is reason to believe that poorer health literacy may be causally related to worse outcomes in COPD. Patients with limited health literacy are more likely to have impaired self-management skills, including difficulty understanding their medication regimens. 42, 43 Although a recent study by Press and colleagues did not find an association between limited health literacy and COPD medication knowledge, 44 other studies have found a relationship between poor health literacy and medication knowledge in asthma patients. 45, 46 Alternatively, it is possible that poor health literacy may be operating within a vicious cycle, whereby factors such as hypoxemia contribute to impaired cognition and thus worse health literacy, which in turn leads to poorer COPD outcomes.
Poor health literacy was not only associated statistically with poor outcomes but also worse COPD-related health status, in particular the COPD severity, learned helplessness, and respiratory-specific HRQoL. Although minimum clinically important differences (MCIDs) are not explicitly determined for the instruments with which these constructs were *Each COPD-related health status measure was used as the dependent (outcome) variable in a separate multivariable linear regression in which health literacy was the independent (predictor) variable of interest, and covariates were: age, gender, race, marital status, educational attainment, and income † Results indicate that poorer health literacy is associated with poorer health status in each of the three COPD-related measures examined ‡ Test for trend using the linear contrast method indicated a trend of poorer COPD-related health status with decreasing health literacy across tertiles measured, MCIDs for health status measures are generally approximated by a ½ standard deviation change in a scale. 47, 48 By this standard, our results suggest that subjects in the lowest tertile of health literacy had meaningfully worse learned helplessness and respiratory-specific HRQoL than subjects in the highest tertile of health literacy, but differences in COPD severity did not meet this criterion for MCID.
Our finding with respect to learned helplessness does suggest another potential mechanism by which limited health literacy may contribute to poorer outcomes. Learned helplessness theory posits that feelings of passive resignation brought on by seemingly uncontrollable adverse events may lead to decreased problem-solving, 27, 28 and limited health literacy could contribute to a sense of helplessness by exacerbating a perceived lack of control. Learned helplessness is closely related to the construct of self-efficacy, 27, 28 and it is interesting that Mancuso and colleagues did not find a relationship in asthma patients between limited health literacy and poor self-efficacy. 49 It is possible that these contrasting findings are due to differences in the constructs assessed or potentially due to differences between asthma and COPD; relative to asthma, COPD is a more progressive and chronically deteriorating disease. 28, 50 Health literacy was not statistically associated with the likelihood of experiencing a ≥1 week worsening of respiratory symptoms but was associated with the likelihood of seeking advice or treatment for such worsening symptoms. This may have been because symptoms were simply worse among subjects with poorer health literacy. However, this may also suggest that subjects with poorer health literacy are more likely to utilize healthcare resources, potentially because of inability or lack of confidence in their ability to self-manage their symptoms without medical assistance. Some studies have indeed found that patients with limited health literacy are more likely to utilize emergency medical care. 51, 52 On the other hand, patients with poor health literacy may also be reluctant to interact with the medical system, because of feelings of shame or distrust, and thus be less likely to seek advice or treatment for worsening symptoms. 11, 53 This finding regarding the likelihood of seeking medical attention is by no means obvious and may suggest that improvements in selfmanagement skills are one route to decreasing utilization among patients with limited health literacy.
Our study has additional limitations beyond those already addressed above. Although recruited through random-digit telephone dialing, our study was conducted in English and our cohort was largely white, which may limit generalizability to more racially and ethnically diverse populations. Nonetheless, the fact that we did find an association between health literacy and poor outcomes despite the relative racial homogeneity of the cohort suggests that the role of health literacy may be distinct from that of cultural perceptions associated with ethnicity. That is, even in this largely white cohort, health literacy appears to have played an important role in health status and outcomes. Second, we relied upon self-report to identify healthcare utilization. This approach has been shown to be valid and accurate, especially for emergency utilization (as compared to routine outpatient care). [54] [55] [56] 57 We utilized a time frame of 12 months for recall of such events, and while a shorter duration of recall may improve accuracy, the relatively infrequent nature of events such as hospitalizations made a shorter recall period impractical. Nonetheless, longitudinal studies with objective verification of events will be an important future avenue of research. Third, our health literacy scale was not normally distributed, with a ceiling effect for approximately a third of the cohort. Because we took this distribution into account, analyzing the scale as an ordinal categorical variable, this ceiling effect should not have driven our findings. Fourth, we *Each COPD-related outcome above was used as the dependent (outcome) variable in a separate multivariable logistic regression in which health literacy was the independent (predictor) variable of interest and covariates were: age, gender, race, marital status, educational attainment, and income † Number of subjects with events (e.g., there were 22 subjects with ≥1 COPD-related hospitalization) and sample size (N) for each analysis ‡ Tests for trend indicated a trend of increasing odds of COPD-related hospitalizations, ED visits, and likelihood of seeking medical advice/treatment for worsening symptoms with decreasing health literacy across tertiles § The analysis of the association between poorer health literacy and likelihood of seeking medical advice/treatment for worsening symptoms, either via phone or in-person, was conducted only on the subset of subjects who reported a ≥1 week period of worsening respiratory symptoms (N=140) assessed health literacy through indirect measurement rather than with direct tests such as reading comprehension evaluation. Although it is possible that our measurement assessed other constructs, such as visual or cognitive impairments, this brief instrument correlates strongly with direct measurements and is more practical for incorporating into clinical practice or for identifying patients at higher risk. 10, [22] [23] [24] [25] Additionally, factors such as visual and cognitive impairments are considered by many to be an integral part of health literacy, and it may therefore be appropriate that our survey battery captured such related constructs.
11
This analysis has important implications. First and foremost, our findings suggest that poor health literacy may play an important and independent role in health status and outcomes among COPD patients. Developing both patientclinician level as well as system-based strategies to improve communication and understanding in COPD patients with limited health literacy may therefore have the potential to improve outcomes. 11 Similar approaches have achieved some success in diabetes and heart failure. 58, 59 Further research is required to elucidate causal pathways and potential interventions. These results both establish a basis for such work as well as highlight to healthcare professionals the importance of considering health literacy in their communications with COPD patients.
